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This	paper	 studies	disposition	decisions	of	 cores	where	 the	value	of	 returns	deteriorates	over	 time.	Mainly	 in	disposition	decisions,	 a	 remanufacturer	 is	 interested	 to	determine	how	many	units	 to
remanufacture	and	to	salvage.	To	address	this	research	problem	along	with	value	deterioration	of	returns,	a	rough-cut	mathematical	model	is	developed	by	considering	various	parameters	of	interest	such	as
selling	price,	salvage	value	and	remanufacturing	rate	with	the	aim	to	maximize	total	profit.	Due	to	uncertainty	limitations,	the	model	can	provide	decision-makers	with	relevant	insights	about	disposition
















operating	 periods	 and	 idle	 times	 are	 considered	 in	 this	 model.	 Dividing	 the	 total	 production	 period	 into	 operating	 period	 and	 idle	 time	 is	 adapted	 from	 real	 situations.	 If	 the	 company	 is	 fully	 involved	 in















Quality	 variability	 complicates	 remanufacturing	 planning	 (Guide,	 2000).	Many	 research	 studies	 have	 taken	 quality	 variability	 into	 account	 either	 as	 a	 continuous	 function	 (Denizel,	 Ferguson,	&	 Souza,	 2010;	 Galbreth	&





considering	Exponential	service	rates.	Karamouzian,	Naini,	and	Mazdeh	(2014)	extend	Guide	et	al.	 (2008)	by	applying	shortest	expected	processing	times	(SEPT)	as	 the	dispatching	rule	 for	a	single-stage	remanufacturing	process
(M/G/1/SEPT).	Fathi,	Zandi,	and	Jouini	(2014)	study	the	disposition	decision	problem	further	in	two	directions:	(1)	considering	two	streams	of	returns	where	one	of	the	inter-arrival	times	follows	Hyperexponential	distribution	(H/M/1)


















































		 	 		 	
	 	 		 	
		 	 		 	
		 	
		 	
		 	 		 	










to	remanufacture	the	returns	in	category	 	and	the	number	of	returns	which	can	be	remanufactured	during	one	operating	period	is	represented	by	 .	To	determine	 	and	 ,	production	period	(T),	operating	period	(U),
expected	proportion	of	the	returns	categorized	in	class	 	 ,	inspection	rate	(λ)	and	remanufacturing	rates	( )	should	be	considered.	According	to	Pazoki	and	Abdul-Kader	(2014),	 if	all	of	 the	returns	 in	station	 	 are
remanufactured	continuously	with	no	breaks	or	idle	times,	the	delay	time	of	the	jth	item,	 ,	would	be:
Thus,	the	number	of	returns	to	remanufacture	during	each	operating	period	(except	the	last	period),	 ,	is	(Pazoki	&	Abdul-Kader,	2014):
where	 	 is	 the	quantity	 to	remanufacture	 in	 the	 first	operating	period	and	 	 is	 the	quantity	 to	 remanufacture	 for	all	operating	periods	except	 the	 first	one	and	 the	 last	one.	For	 the	sake	of	simplicity,	we










The	profit	gained	from	each	remanufactured	 item	is	deteriorating	exponentially,	which	 is	presented	with	 	where	 	 is	 the	 total	waiting	 time	 for	 the	 jth	 item	 in	 the	 ith	class,	 	 is	 the	current	 selling	price	of	a
		 	 		 	
		 	
		 	 		 	
	 	 		 	 		 	
		 	 		 	
		 	 		 	 		 	 		 	





		 	 		 	






		 	 		 	




Totally,	 	items	are	remanufactured	from	category	 .	Therefore,	from	the	required	number	of	operating	periods	to	remanufacture	all	of	the	items	in	category	 	is	 .	In	a	similar	manner,	the	total	profit
for	the	operating	period	 	is:
Thus,	the	total	remanufacturing	profit	gained	during	first	 	operating	periods	can	be	obtained	by	Eq.	(9).
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1 High Medium Low High Medium Low
2 Medium Medium Medium Medium Medium Medium
3 High Medium Low Medium Medium Medium
4 Low Medium High High Medium Low



















Category Optimum	decision β	=	0.0005 β	=	0.001 β	=	0.002 β	=	0.003
1 Quantity 33,333 33,333 23,792 15,690
Percentage 100% 100% 71.4% 47.1%
2 Quantity 33,333 28,200 14,168 9600
Percentage 100% 84.6% 42.5% 28.8%
		
		
3 Quantity 33,333 12,118 6000 4154
Percentage 100% 36.6% 18% 12.5%
Table	7	Admission	decision	for	scenario	2.
Category Optimum	decision β	=	0.0005 β	=	0.001 β	=	0.002 β	=	0.003
1 Quantity 33,333 28,200 14,168 9600
Percentage 100% 84.6% 42.5% 28.8%
2 Quantity 33,333 28,200 14,168 9600
Percentage 100% 84.6% 42.5% 28.8%
3 Quantity 33,333 28,200 14,168 9600
Percentage 100% 84.6% 42.5% 28.8%
Considering	Figs.	 3–6,	 the	 following	 observations	 are	made:	 (1)	 as	 expected,	 increasing	 the	 remanufacturing	 rate	 results	 in	 increasing	 the	 total	 profit	 to	 some	 extent;	 (2)	 increasing	 the	 remanufacturing	 rate	 results	 in
increasing	the	error	of	the	mathematical	model,	and	decreasing	the	stability	of	the	average	expected	profit;	(3)	in	all	the	cases,	the	uniform	distribution	which	shows	the	lowest	variability	is	best	approximated	by	the	mathematical




































		 	 		 	
250	to	130.	The	salvage	value	dramatically	increases	the	total	profit	after	$4500,	implying	that	how	effective	is	the	salvage	increase	on	the	company’s	profit.	This	means	that	there	exists	a	salvage	value	threshold	below	which	all	of	the
returns	would	be	remanufactured.	As	there	is	no	closed	form	for	the	objective	function,	these	threshold	values	are	to	be	obtained	numerically.
Fig.	10	 illustrates	the	 impact	of	remanufacturing	rate,	μ,	on	 the	company	profitability.	For	a	remanufacturing	station	which	remanufactures	only	one	printer	 in	 two	hours	 (i.e.	μ	=	0.5),	44%	of	 the	 returns	have	 to	be	sold





















Category Optimum	decision β	=	0.0005 β	=	0.001 β	=	0.002 β	=	0.003
1 Quantity 33,333 33,333 17,739 11,998
Percentage 100% 100% 53.2% 36.0%
2 Quantity 33,333 28,200 14,168 9600
Percentage 100% 84.6% 42.5% 28.8%
3 Quantity 33,333 18,000 9000 6108
Percentage 100% 54.0% 27.0% 18.3%
Table	9	Admission	decision	for	scenario	4.
Category Optimum	decision β	=	0.0005 β	=	0.001 β	=	0.002 β	=	0.003
1 Quantity 33,333 23,237 12,000 7882
Percentage 100% 69.7% 36.0% 23.7%
2 Quantity 33,333 28,200 14,168 9600
Percentage 100% 84.6% 42.5% 28.8%
3 Quantity 33,333 23,600 11,953 8000
Percentage 100% 70.8% 35.8% 24.0%
Table	10	Admission	decision	for	scenario	5.
Category Optimum	decision β	=	0.0005 β	=	0.001 β	=	0.002 β	=	0.003
1 Quantity 33,333 18,799 9200 6262
Percentage 100% 56.4% 27.6% 18.8%
2 Quantity 33,333 28,200 14,382 9600
Percentage 100% 84.6% 43.1% 28.8%
3 Quantity 33,333 33,333 18,890 12,257
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